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[57] ABSTRACT

The invention relates to a novel process for the prepara-
tion of ether and thioether compounds of formula

X—R1

R,
by reacting compounds of formula

X—H

Ry

with compounds of formula

Ri—Y

wherein R, R, X, Y and n are as defined in claim 1, in
the presence of an acid acceptor and in an aliphatic
ketone, which process is carried out under pressure in
the temperature range from 115° to 200° C.
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PROCESS FOR THE PREPARATION OF
AROMATIC ETHER AND THIOETHER
COMPOUNDS

The present invention relates to a novel process for
the preparation of aromatic ether and thioether com-
pounds. ' '

According to Japanese Patent Kokat No. Sho 59-22
78 36, these compounds can be obtained from a phenol
and thiophenol respectively, in the presence of a car-
bonate and methyl isobutyl ketone, and also from an
alkyl halide under reflux conditions. When reproducing
this process, however, it has been found that the con-
version is unsatisfactory under the cited conditions. In
particular, reference 1s made to the reaction of ethyl
bromide with 3-diethylaminophenol in accordance with
Japanese Patent Kokai No. Sho 59-22 78 36, in which a
fairly large amount of starting material remains uncon-
verted. It 1s therefore evident that this process is not
readily applicable to all possible alkylating agents.

It has now been found that the scope of the process
disclosed in Japanese Patent Kokai No. Sho 59-22 78 36
can be substantially broadened by carrying out the reac-
tion in the temperature range from 115° to 200° C,,
preferably from 120° to 150° C., and under pressure.
This procedure utilises on the one hand the advanta-
geous pressure-dependent solubility even of low molec-
ular weight readily volatile alkyl halides such as ethyl
chloride or methyl bromide in the liquid ketone phase,
and, on the other hand, the pressure-induced displace-
ment of the equilibrium of the system alkali metal car-

bonate/water/CQy/bicarbonate towards the bicarbon-

ate. As neither water nor CO; must be expelled from the

system, there 1s no loss of alkyl halide escaping in va-

pour form-a factor of great importance for an environ-
mentally safe method of production from the ecological
and economic aspect. A substantial saving of energy is
also possible by the avoidance of reflux temperatures.
Surprisingly, despite the use of temperatures which may
be far in excess of the boiling point of the solvent and,
in some cases, of that of the alkyl halide, it is possible to
~limit the sum of the partial pressures of CO,, solvent
and alkyl halide in the gas phase to the range from 0.5 to
10 bar overpressure. This is of great technical and eco-
nomic importance, because normal stirred pressure re-
actors can be used instead of expensive autoclaves. A
further advantage of this mode of operation is that me-
tering devices for the addition of the alkyl halide can be
dispensed with. The reactor can be charged at room
 temperature.

It has also been found that the process of this inven-
tion is not only limited to alkyl halides, but is also appli-
cable to aryl halides, especially those of the anthraqui-
none series. The preparation of 1,8-diphenoxyan-
thraquinone from 1,8-dichloroanthraquinone may be
cited by way of example.

Accordingly, the present invention relates to a pro-
cess for the preparation of aromatic ether and thioether
compounds of formula I
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X—R, ()

Ry
by reacting compounds of formula II

(1)

X—H

R

with compounds of formula III

Ri—Y (I11)
wherein

R is a substituent,

nisQ, 1 or 2,

X 1s oxygen, sulfur or —SOy—, |

R is unsubstituted or substituted alkyl, unsubstituted

or substituted alkenyl, or aryl (e.g. phenyl, naph-
thyl or anthraquinoyl), and

Y is a halogen atom (e.g. chlorine, bromine or iodine),

~ of which one or more may be present,
in the presence of an acid acceptor and in an aliphatic
ketone as solvent, which process is carried out under
pressure in the temperature range from 115° to 200° C.

The ether and thioether compounds of formula I are
useful intermediates, especially for basic dyes.

The preferred temperature range i1s from 120° to 150° -
C., with the most preferred range being from 140° to
145° C. The pressure is from 0.5 to 10.0 bar, preferably
from 0.5 to 2.0 bar, and depends on the aliphatic ketone
employed and on the alkylating agent of formula III.

Suitable acid acceptors are in particular inorganic
basic salts, e.g. the oxides, hydroxides, bicarbonates and
carbonates of alkali metals and alkaline earth metals.
Typical examples are: lithium hydroxide, sodium hy-
droxide, potassium hydroxide, calcium hydroxide, bar-
ium hydroxide, magnesium oxide, lithium bicarbonate,
sodium bicarbonate, potassium bicarbonate, calcium
bicarbonate, barilum bicarbonate, lithium carbonate,
sodium carbonate, potassium carbonate, calcium car-

- bonate and barium carbonate.
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A suitable solvent is an aliphatic ketone or a mixture
of such ketones. The ketone is preferably one of formula

IV

0 1V)
|

Ry=—C——R3,

wherein Rj; and R3 are each independently of the other

C1-Caalkyl. Typical examples of such ketones suitable

for use in the process of this invention are: methyl ethyl
ketone, diisopropyl ketone and methyl isobutyl ketone.

R in the compound of formula I is any substituent that
does not mterfere with the reaction course, e.g. a halo-
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gen atom (e.g. fluorine, chlorine or bromine), carboxyl,
alkoxycarbonyl such as methoxycarbonyl, ethoxycar-
bonyl, allyloxycarbonyl and alkenyloxycarbonyl;
C;-Caalkyl; heterocyclic-substituted alkyl such as pyr-
rolidone-substituted methyl and propyl; acyl such as 5
acetyl; NO»; dialkyl(C1-Cs)amino such as dimethyl-
amino and diethylamino.

Possible substituents R are the same as defined above
for R. By C1-Csalkyl is meant e.g. methyl, ethyl, pro-
pyl, isopropyl, butyl, isobutyl, pentyl, isopentyl and
hexyl. Exemplary of C;-Cgalkenyl are: 2-allyl, 2-bute-
nyl, 3-butenyl and 4-butenyl.

If more than one substituent Y is present in the com-
pound of formula III, it will be readily understood that
also more than one radical of the compound II of for-
mula
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R 25
may be present in the final product of the compound of
formula L.

A further advantage of the process of this invention
resides in the feature that the halide of the alkali metal
or alkaline earth metal formed after the process can be
separated by simple filtration or washing out. It is to be
particularly pointed out that alkali metal bromides (e.g.
potassium bromide) can be isolated in this manner to
regenerate bromine in solid form. The release of bro-
mide ions into the wastewater is thereby avoided. The
following Examples illustrate the invention.

EXAMPLE 1

A 1 liter reactor 1s charged with 300 ml of methyl ,,
1sobutyl ketone and then 73.1 g of 3-diethylaminophenol
and 153.3 g of ground potassium carbonate are added
and the mixture is stirred for 30 minutes. Then 72.7 g of
ethyl bromide are introduced into the autoclave, which
is then closed. After heating for 3 hours to 115°-150° C.
and subsequently for 5 hours at 140°-142° C. (pressure:
5 bar), the contents of the autoclave are cooled to c. 25°
C. and, after addition of water, the reaction product of
formula

30

33

45

50
O—C2Hs

Ca2Hjs d5

N

/
CsHs

1s 1solated with the organic phase, which is washed with 60

water. The solvent 1s removed by evaporation to give
80.9 g (yield: 97.5%) of a 96.3% product.

EXAMPLE 2

A 1 liter reactor is charged with 300 ml of methyl 65
isobutyl ketone, 73.1 g of 3-diethylaminophenol and
153.3 g of ground potassium carbonate and the mixture
1s stirred for 30 minutes. Then 72.7 g of ethyl bromide

4

are introduced into the autoclave, which is then closed
and heated for 3 hours to 115°~120° C. The temperature
is then kept for a further 5 hours at 140°-142" C. (pres-
sure: 5 bar). The contents of the autoclave are cooled to
c. 25° C. and potassium bromide is removed by filtra-
tion. After washing with a small amount of methyl
isobutyl ketone, the combined filtrates are concentrated
by evaporation, to give 75.6 g (91.1% yield) of 3-die-
thylaminophenetol with a titre of 96.9%.

EXAMPLE 3

A 1 liter reactor is charged with 150 ml of methyl
isobutyl ketone, 73.1 g of 3-diethylaminophenol and
153.3 g of ground potassium carbonate. The mixture is
stirred for 30 minutes, then 72.7 g of ethyl bromide are
added and the autoclave is closed. The reaction mixture
is heated first for 3 hours to 115°-129° C. and then for a
further 5 hours at 140°-142° C, (pressure: 4 bar). After
cooling to c. 25° C. and addition of water, the product
is isolated with the organic phase, which 1s washed with
water and concentrated by evaporation, to give 80.67 g
(97.2% vyield) of 3-diethylaminophenetol with a titre of

94.8%.

EXAMPLE 4

A 1 liter reactor is charged with 300 ml of methyl
isobutyl ketone, 79.17 g of 2,4-dinitrophenol (100%)
and 175.9 g of ground potassium carbonate and 63.6 g of
methyl bromide. The autoclave 1s closed and heated for
3 hours to 115°-120° C. (pressure: 3.5 bar). The temper-
ature is then kept for a further 5 hours at 140°-142° C.

- (pressure: 5-3 bar, falling). After cooling to c. 25" C,,

the solvent is distilled off at 50° C. under a partial vac-
uum and the salt-containing restdue 1s taken up in warm
water. 2,4-Dinitroanisole is isolated by filtration and
washed with 1% ammonia solution and with warm
water of ¢. 50° C. and dried at 50° C. under vacuum, to
give 84.6 g (91.2% yield) of 2,4-dinitroanisole with a
titre of 91.8%.

EXAMPLE 5

A stirred pressure reactor is charged with 183 ml of
diisobutyl ketone. With stirring, 86.3 g of phenol (90%)
are added. Then 103.8 g of 1,8-dichloroanthraquinone
are added over 5 minutes and the reaction mixture 18

‘heated to boiling point. Distillation of water com-

mences at 155° C. After 1.5 hours at this temperature,
the reaction mixture is cooled to 35° C. and then 67 g of
potassium carbonate are added. The batch is then
heated to 160° C. over 90 minutes and allowed to react
at this temperature for 1 hour. The reactor is then
closed, heated to 175°-176° C. and kept at this tempera-
ture for 5 hours. After cooling to 30° C., the pressure 1n
the reactor is reduced and the solvent is removed by
distillation. To the reaction mixture are added 3 ml of
50% sodium hydroxide solution and the resultant 1,8-
diphenoxyanthraquinone 1s isolated by filtration and
vacuum dried, to give 141.0 g of a product with a titre
of 86.2%, corresponding to a yield of 89.0%. The con-
version is 99.9%.

EXAMPLE 6

In a stirred pressure reactor, 224.4 g of 3-die-
thylaminophenol, 64.4 g of sodium hydroxide and 20.4 g
of sodium carbonate are added to 340 g of methyl isobu-
tyl ketone. The reactor is closed and after introducing
134.4 g of ethyl chloride under pressure, the reaction
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mixture is heated for 3 hours to 115° C. and then for a
further hour to 140° C. The reaction mixture is kept at
this temperature for 10 hours. The pressure at the con-
clusion of the reaction has risen to about 5 bar. After

cooling to 25° C., the pressure in the reactor is reduced,

the contents of the reactor are rinsed with water, and
the organic phase is separated from the aqueous phase.
After removal of the solvent, 268 g of 3-diethylamino-
phenetol are isolated from the organic phase, corre-
sponding to a yield of 97.1% and a conversion of 99.8%.

EXAMPLE 7

A reactor 1s charged with 360 parts of methyl isobu-
tyl ketone and 132.7 parts of the sodium salt of 4-chloro-
benzenesulfinic acid (100%) (0.665 mole; as free acid,
calculated as 176.6M). The mixture 1s heated to the boil,

with stirring, and water is removed as an azeotrope 20

through a separator. The batch is then cooled to 25° C.
and to the resultant suspension are added 115.9 parts of
ground potassium carbonate (0.83 mole) and 108.7 parts
of ethyl bromide (0.988 mole).

This mixture is then heated in a closed reactor for 3
hours to 115°-120° C. and heated to 140°-142° C. over
1 hour. The temperature is kept for a further 5 hours at
140°-142° C. (pressure: 3 bar). The reaction mass is
cooled to 25° C., then 200 parts of water of 50° C. are
added and the batch is stirred and the phases are sepa-
rated. Evaporation of the organic phase affords 95 parts
of 4-chlorophenylethylsulfone (89.3% of theory).

What 1s claimed is: '

1. A process for the preparation of an aromatic ether
or thioether compound of formula I

X—R (D

Rp

by reacting a compound of formula
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(1I)

R,

with a compound of formula

Ri—Y (I1Y)
wherein
R is a non-interfering substituent,
nis 0, 1 or 2,
X 15 oxygen, sulfur or —SQO»,
R1is alkyl having I to 6 carbon atoms wh1ch 1S unsub-
stituted or substituted by pyrrolidine, alkenyl hav-
ing 1 to 6 carbon atoms, phenyl, naphthyl or an-
thraquinoyl and
Y is a halogen atom,
in the presence of an acid acceptor and in an aliphatic
ketone as solvent, which process is carried out at a
pressure of 0.5 to 10 bar in the temperature range from
115° to 200° C.

2. A process according to claim 1, wherein the reac-
tion temperature is in the range from 120° to 150° C.

3. A process according to claim 1, wherein the ali-

phatic ketone is one of formula

(Ii’ (IV)
Ry==C—R;

wherein Ry and Rj3 are each independently of the other
C1-Caalkyl.

4. A process according to claim 3, wherein the ali-
phatic ketone is methyl ethyl ketone, diisopropyl ketone
or methyl isobutyl ketone.

5. A process accOrding to claim 1, wherein the reac-
tion is carried out in the temperature range from 140° to
145° C.

6. A process according to claim 1, wherein the acid
acceptor 1s an inorganic basic salt.

7. A process according to claim 6, wherein the INor-
ganic basic salt is a hydroxide, bicarbonate or carbonate

of an alkali metal or alkaline earth metal.
k% %k %
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